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1. Introduction
The rotary gate is an innovative structure designed for
upstream water level control (Marashi et al., 2019). It
operates by rotating around a vertical axis and offers
several advantages, including low actuation force, rapid
response time, reduced sediment accumulation, and the
elimination of sealing requirements during operation.
Previous studies have shown that both the gate opening
angle and the submergence ratio significantly influence the
discharge coefficient. Accordingly, empirical relationships
were developed to estimate discharge under varying flow
conditions (Marashi et al., 2021). Moreover, experimental
investigations involving semi-circular rotary gates installed
in rectangular channels with gradual transitions revealed
that increasing the opening angle or decreasing the
transition length enhances the discharge coefficient
(Khairaei et al., 2025).

The present study examines the hydraulic behavior of
a semi-circular rotary gate placed in a rectangular channel
featuring a gradual transition. The effects of gate opening
angle, transition length, and flow discharge on flow
distribution and energy loss are analyzed. In addition,
empirical relationships are proposed to estimate the
discharge passing through both sides of the gate and the
associated energy loss under free-flow conditions. These
relationships aim to provide a comprehensive evaluation of
the gate's performance as a dual-purpose structure for both
water level control and flow measurement.

2. Materials and Methods

Experiments were conducted in a rectangular laboratory
canal measuring 12 m in length, 0.6 m in width, and
0.5 min height, with a longitudinal bed slope of 0.00088.
Flow was supplied by a centrifugal pump from an
underground reservoir to a constant-head tank. The flow
rate was measured upstream using an electromagnetic
flowmeter with an accuracy of £0.01 L/s. A hinged gate

was installed at the downstream end of the flume to
maintain free-flow conditions. Flow velocity was
measured using a three-dimensional (3D) velocimeter.
Gradual transitions from a rectangular to a semicircular
cross-section were fabricated from galvanized steel sheets
with a thickness of 0.004 m. Three transition lengths
were considered: 0.6,0.9,and 1.2 m. The transitions were
designed to be smooth and continuous in order to minimize
geometric discontinuities and associated flow instabilities.
The downstream end of each transition was connected to a
semicircular frame with a diameter of 0.6 m, which
served as the mounting structure for a semicircular rotary
gate. The gate was constructed from 2 mm thick steel,
and its opening angle was adjusted using a graduated ring.
Gate opening angles were tested from 35° to 85° in 5°
increments, while flow rates ranged from 0.020 to
0.038 md/s with an interval of 0.002 m?3/s. Figure 1
shows different implementations of the physical model.

Figure 1 Different parts of the physical model

3. Results and Discussion

Analysis of the flow through the rotary gate in a
rectangular channel indicates that the impact of the flow
on the gate edge causes it to split into left and right sides,
each with distinct cross-sectional areas and flow
characteristics. The results show that the right-side cross-
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section is mostly located on the fixed semi-circular
transition and is not influenced by the upstream gradual
transition length, but increases solely with the gate opening
angle. In contrast, the left-side cross-section depends not
only on the gate opening angle and flow depth but also on
the length of the gradual transition; the shortest transition
produces the largest left-side cross-section, while the
longest yields the smallest. This difference leads to the
right-side cross-section being smaller than the left for a
given opening angle, and the total flow through the gate
(Aw = Ar + Ay) is influenced by both the transition length
and opening angle.

The transverse water surface profiles show that increasing
the gate opening angle reduces lateral variations,
improving flow depth uniformity. The largest depth
fluctuations occur at 35° and the smallest at 85°. To control
non-uniformity, gradual transitions of different lengths
and precise gate angle adjustment proved effective.

The flow velocity distribution differs between the two
sides of the gate. On the right side, velocities are higher
but decrease as the gate opening angle increases. In
contrast, the velocity on the left side remains nearly
constant regardless of the opening angle. This indicates
that the increased flow rate through the left side is
primarily due to the enlargement of its cross-sectional area
rather than a change in velocity.

Analysis of the flow split between the two sides reveals
that increasing the gate opening angle raises the proportion
of flow passing through the left side while reducing that
through the right side. Additionally, variations in the
gradual transition length alter the flow distribution
between the two sides. Despite these changes in flow
distribution, the total flow rate through the gate remains
nearly constant and exhibits a linear relationship with the
opening angle. Figure 2 shows the changes in the
percentage of flow passing through the left and right
sections of the rotary gate as a function of its opening
angle.
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Figure 2 The changes in the percentage of flow passing
through the sides of the gate due to changes in the gate
opening angle.

Finally, the following equations are proposed to
calculate the flow rate passing through the left and right
sides of the rotary gate as a function of the gate opening
angle and the gradual transition length.

Qe _ (0.769-0.2540+0.076 -1)x100 (1)
Q B

% — (0.231+ 0.2549—0.076%) <100 @

In these equations, the opening angle (8) is expressed in
radians, the transition length (L) in meters, the canal
width (B) in meters, and the flow rate ratios as percentages.

Energy loss analysis indicates that the highest losses
occur at small gate openings (35°), while the lowest losses
are observed at large openings (85°). The gate opening
angle is the most significant factor influencing relative
energy loss, with the transition length playing a secondary
role (Figure 3).

Experimental data and corresponding calculations
reveal a nearly linear relationship between flow rate and
energy loss. Furthermore, the estimated relative energy
loss shows good agreement with laboratory measurements.
The following equation is proposed to calculate the
relative energy loss of the rotary gate under free-flow
conditions.
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Figure 3 Effect of gradual transition length on relative
energy loss
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4. Conclusion

The results indicate that the interaction of the flow with the
edge of the rotary gate causes flow separation and lateral
variations in the water surface profile. Increasing the gate
opening angle reduces these variations, with the most
pronounced effects observed at 35° and the least at 85°.

Flow velocity and discharge are higher on the right side
of the gate; however, they decrease as the opening angle
increases, while the flow on the left side increases
correspondingly. The length of the gradual transition also
influences the discharge distribution: increasing the
transition length reduces the left-side discharge and
increases the right-side discharge.

Higher flow rates result in greater energy loss, although
this effect diminishes as the gate opening angle increases.
Finally, precise empirical relationships are provided for
calculating the discharge through both sides of the gate and
the associated energy loss under free-flow conditions.
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The Effect of Installing Semi-circular Rotary Gate in Rectangular Canals on Flow Hydraulics
Mehrdad Kheiraei Hojjat Allah Yonesi Babk Shahinejad Hassan TorabiPoudeh Ava Maraashi

Abstract In this study, the hydraulic performance of a semi-circular rotary gate, along with a gradual transition with
three different lengths in a rectangular canal, was investigated. Experiments were conducted using various flow rates,
upstream water depths, and gate opening angles. The interaction of the flow with the edge of the rotary gate causes flow
division and lateral variations in the water surface. Results showed that these variations decrease as the gate opening
angle increases, with the highest instability occurring at an angle of 35 degrees and the lowest at 85 degrees. The velocity
and discharge on the right side of the gate were higher, but both decreased with an increase in the gate angle. The velocity
on the left side was almost constant, but the discharge increased due to a larger flow cross-section. More flow was
diverted to the left side with an increase in the gate opening angle. The discharge on the right side was increased while
the discharge on the left was decreased by increasing the length of the gradual transition. Increasing the gate angle or
reducing the transition length resulted in a greater share of flow passing through the left side overall. Energy loss
increases directly with flow rate and has an inverse relationship with the gate opening angle. The highest energy loss
occurred at a 35-degree opening and the lowest at 85 degrees. Finally, relationships are presented that determine the
discharge through both sides of the rotary gate and the energy loss in this structure.

Key words Semi-Circular Rotary Gate, Energy loss, Free Flow, Flow Distribution, Rectangular Canal.
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